Abstract. The aim of this study was to determine the effect of metal-tipped, plastic-tipped, and electronic ear tags on the likelihood of infection using infrared thermography and to evaluate the effect on welfare by examining the behavioral responses of the lambs. Ninety lambs with an average age of 6 months were used in this study. Before the application of the ear tags, infrared images of the right and left ears of the lambs were taken with the thermal camera and the infrared temperatures were recorded. Measurements were repeated on days 1, 4, 10, and 30 after the ear tag application. The mean of infrared ear temperatures on days 0, 1, 4, 10, and 30 were found to be 14. 60, 23.20, 23.77, 20.36, and 17.61 • C for the metal-tipped ear tag group; 15.69, 21.50, 20.42, 18.00, and 16.39 • C for the plastic-tipped ear tag group; and 15. 17, 29.47, 27.49, 25.93, and 20.61 • C for the electronic ear tag group. The infrared temperatures on days 1, 4, and 10 in the control and experimental groups were significantly different from each other (P < 0.001). The plastic-tipped ear tags caused fewer problems and are preferred to the traditional ear tags with metal tips. The electronic ear tags caused more inflammatory reactions compared to metal-or plastic-tipped ear tags. The infrared thermography method may be used as a useful tool in the early detection of the inflammatory reactions and infections caused by the application of ear tags.
Introduction
Today, there is an increasing consumer demand for "clean, green, and ethical" animal production (Martin and Kadokawa, 2006) . The goal of the "clean" approach is to minimize or eliminate the use of drugs, chemicals, and hormones. "Green" involves doing the least damage to the environment. However, the "ethical" aspect involving concerns for animal welfare is an important issue for livestock management since consumers want to consume products obtained from animals that have been managed humanely (Martin and Kadokawa, 2006; Martin, 2009) .
The control of pain and stress during routine husbandry procedures commonly used on farms is crucially important in terms of animal welfare. However, the treatment of pain has been traditionally overlooked in farm animals compared to companion animals (Stewart, 2008) . Ear tagging is one of the identification procedures most commonly performed on farm animals for routine on-farm management. Ear tags may result in an inflammatory response due to the wound created when they are inserted into the ear. Ear wounds should be considered in terms of ear tag loss and welfare implications, since retagging an animal will result in increased cost and animal stress (Karakuş et al., 2015b) . Depending on the pain-induced stress, the feed consumption of the animals and the rate of growth in young animals is adversely affected (Leslie et al., 2010) . Therefore, early detection and treatment of inflammation or ear tissue reaction is economically and strategically advantageous (Karakuş et al., 2015b) . Edwards et al. (2001) indicated that the insertion of ear tags resulted in an inflammatory response in ewes and lambs.
An animal in pain shows some behavioral signs associated with pain. Restlessness, lameness, self-mutilation, and vocalization, as well as changes in eye expressions, appetite, temperament, and physical activity are the most striking signs that an animal is in pain. Observation of behavior is the most common, useful, and noninvasive parameter used for recognizing pain in animals due to the difficulties of measuring pain through physiological indicators, such as food and water consumption, respiratory rate, heart rate, blood pressure, and endocrine responses (Young, 2006) . Grant (2004) , who examined the behavioral responses of lambs following a range of commonly used husbandry procedures, observed kicking, tail wagging, jumping, restlessness, and vocalization behavior only in lambs that had been ear tagged. Ear tagging was the practice to which the least reactions were observed among husbandry procedures.
The level of pain suffered by an animal can be determined by monitoring the clinical, physiological, and behavioral reactions of the animal (Antalyalı, 2007) . However, the main issue in animal welfare research is the fact that most of the existing methods used to measure stress and pain are invasive. Therefore, there is a lack of reliable and noninvasive tools .
Infrared thermography has been used for many years to detect and measure an animal's response to stress. The hypothalamic-pituitary-adrenal (HPA) axis is activated when an animal becomes stressed, and heat is produced because of increases in catecholamines and cortisol levels in addition to blood flow responses. This response can be detected with thermal imaging systems (Church et al., 2009 ). Karakuş et al. (2015b) reported that infrared thermography, as a noninvasive diagnostic tool, can be used to identify lambs with inflammations caused by ear tags.
In this study, the aim was to determine the effect of metaltipped, plastic-tipped, and electronic ear tags on the likelihood of infection using infrared thermography and to evaluate the effect on welfare by examining the behavioral responses of the lambs.
Material and methods

Animals and data collection
This study does not require the approval of Animal Research Ethic Committee since it is within the scope of applications that are used for identifying individual animals (Yuzuncu Yil University (Turkey) Animal Research Local Ethic Committee decision number: 2015/12).
Ninety Akkaraman lambs with an average age of 6 months were used in this study. The lambs were managed under extensive conditions and identified by electronic ear (e-ET) tags, metal-tipped (mt-ET), or plastic-tipped (pt-ET) ear tags, officially approved by the Turkish Republic's Ministry of Food, Agriculture and Livestock. Electronic ear tags containing an FDX-B (full-duplex B) transponder and working at an activation frequency of 134.2 kHz in accordance with ISO 11784 and 11785 standards (ISO, 1996a, b) were used. The button-type electronic ear tag had a weight of 6.6 g and a diameter of 27.5 mm.
The total weight of a metal-tipped ear tag was 4 g, and the dimensions for female and male pieces were 38 × 40 and 38 × 35 mm, respectively. Plastic-tipped ear tags weighed 4.6 g, and the dimensions for female and male pieces were 31 × 41 and 31 × 34 mm, respectively. All the ear tags were tamper proof, yellow in color, and laser printed (Fig. 1) . Infrared images of the ear tissue of the lambs were obtained using an FLIR E50 (FLIR Systems, Inc.) thermal imaging camera.
At the beginning of the experiment, the lambs were randomly divided into three groups per ear tag type. The mt-ET were attached to the right ear and the e-ET were attached to the left ear of lambs in the first group (n = 30). The pt-ET were attached to the right ear and the e-ET were attached to the left ear of lambs in the second group (n = 30). A third group of lambs without ear tags was used as a control group.
Before the application of the ear tags, infrared images of the right and left ears of the lambs were taken with the thermal camera and the infrared temperatures were recorded. The thermal camera taking infrared images was positioned about 0.5 m from the head of the animal. The temperature and relative humidity in the barn were recorded by using a data logger on each day of the experiment, and the camera was calibrated according to those values.
The applicator and ear tags were immersed in an antiseptic solution before tagging any of the lambs. The lambs in the control group were not treated. The behavior of the lambs was monitored for 3 min following the tagging, and the behavioral criteria reported by Molony et al. (2002) and Grant (2004) were used to assess the pain.
The first day after tagging, the infrared images of both ears of all animals, including the control group, were taken again. Measurements were repeated on days 4, 10, and 30 (Figs. 2, 3, 4) . Infected ears were monitored weekly until healed and any necessary treatment was performed. The live weight of the lambs was recorded using a weighing scale at the beginning and end of the experiment.
Statistical analysis
The effect of the type of ear tag and the measurement days of the infrared ear temperature of lambs was examined by analysis of variance. The following mathematical model was used to determine the influence of the type of ear tag.
where Y ij is the observation value, µ the overall mean, a i the effect of the type of ear tag (i = 1, 2, 3: denoting metal- tipped, plastic-tipped, and electronic ear tags), and e ij the random error. The following mathematical model was used to determine the influence of measurement days:
where Y ij is the observation value, µ the overall mean, a i the effect of the measurement day (i = 1, 2, 3, 4, 5: denoting days 0, 1, 4, 10, and 30), and e ij the random error. The chi-square test was used to evaluate the behavioral criteria used to assess pain in the lambs. All analyses were performed using SAS (2005) statistical software.
Results
Live-weight changes in the lambs at the beginning and end of the experiment are presented in Table 1 . The mean live weight of the lambs at the beginning of the experiment was 29.77 kg for the mt-ET group, 34.58 kg for the pt-ET group, and 30.33 kg for the e-ET group. Lambs in the pt-ET group were significantly heavier (P < 0.01) than lambs in the mt-ET and control groups. At the end of the experiment, the mean live weight of the lambs was found to be 46.30 kg for the mt-ET group, 49.97 kg for the pt-ET group, and 48.07 kg for the e-ET group. There was a significant difference between the pt-ET and mt-ET groups for final live weight (P < 0.05).
The infrared ear temperatures of the lambs in the experiment and control groups for days 0, 1, 4, 10, and 30 are given in Table 2 . The temperature values on day 0 for lambs with mt-ET, pt-ET, e-ET, and the control group were 14.60, 15.69, 15.17, and 15.52 • C, respectively (P < 0.05). On day 1 after the application of the ear tags, the infrared temperature difference was 8.60 • C in the mt-ET group, 5.81 • C in the pt-ET group, and 14.30 • C in the e-ET group. Differences between the infrared ear temperatures of the control and experimental groups were found to be very significant (P < 0.001).
In addition to the control group, the temperature values for the pt-ET and e-ET groups decreased on day 4, whereas no change was observed in the mt-ET group. The differences observed between the groups on day 4 were very significant (P < 0.001). On day 10 of the ear tag application, the infrared temperatures continued to decrease in all experimental groups. The temperature values on day 10 in the control and experimental groups were significantly different from each other (P < 0.001).
On day 30 of the ear tag application, the infrared ear temperatures of the lambs with e-ET were significantly higher than those of the other groups (P < 0.001). The mean infrared temperature in the mt-ET group was also found to be higher than that of the lambs in the control group (P < 0.001).
Behavioral criteria used to assess pain in lambs with mt-ET + e-ET and pt-ET + e-ET are presented in Table 3 . In this study, 63.33 % of lambs with mt-ET + e-ET and 56.67 % of lambs with pt-ET + e-ET showed horizontal head shaking behavior. The second most commonly observed type of behavior was when lambs stamped their feet (40.00 and 33.33 %). The percentage of lambs that made high-pitched sounds during the application of the ear tags was 33.33 % in the mt-ET + e-ET group and 26.67 % in the pt-ET + e-ET group. The number of lambs showing jumping behavior was determined to be 20.00 and 30.00 % in both groups.
Also, 16.67 % of the lambs in the mt-ET + e-ET group and 13.33 % of the lambs in the pt-ET + e-ET group showed trembling behavior. The number of lambs showing ear scratching and kneeling behavior was similar in the mt-ET + e-ET group at 10 %, whereas it was found to be 16.67 and 13.33 %, respectively, in the pt-ET + e-ET group. Furthermore, 6.67 % of the lambs in the mt-ET + e-ET group and 13.33 % of the lambs in the pt-ET + e-ET group showed lying behavior. The number showing normal standing, walk- ing, and playing behavior following the application of the ear tags was determined to be 66.67 and 60.0 % in both groups.
Discussion
Live weights of the lambs for determining the effect of ear tag application on animal welfare were determined at the beginning and end of the experiment. Changes in live weights during the experiment were 16.53 kg for the mt-ET group, 15.39 kg for the pt-ET group, and 17.74 kg for the e-ET group. Although there was no statistically significant difference, the lambs of the control group gained more weight than those in the experiment groups. The rate of growth of lambs may be adversely affected by the application of ear tags. Changes in animals due to internal and external factors cause inflammatory reactions that are a strong response resulting from natural and acquired immunity (Sevgisunar anḑ Sahinduran, 2014) . The ranking between the experimental groups for all measurement days in terms of infrared temperature increase indicating an inflammatory reaction, which is the response of the ear to the ear tag application, was found to be e-ET > mt-ET > pt-ET (Fig. 5 ). Kitagaki and Shibuya (2004) compared plastic and metal ear tags in terms of tissue reaction, reporting that plastic ear tags were more reliable than metal ear tags due to a lower rate of the tag falling off and less tissue damage.
There are individual differences in the tissue response to the inflammatory reaction caused by the application of ear tags. Where there is a temperature difference between the symmetrical regions of the body, a change of 10 • C is required to indicate the presence of a significant change (Düzgün and Or, 2009) .
Ear tag application had no adverse effect on the welfare of the lambs in the mt-ET group except for one lamb (3.3 %) that developed an infection. Infections occurred in the form of ear swelling, irritation under the ear tags, inflammation, and feelings of discomfort or pain when touched. The num- ber of infected ears caused by metal-tipped ear tags is similar to the value of 3.3 % reported by Carne et al. (2009) . On the other hand, this value is lower than the 7.4 % average value reported by Thomas et al. (2006) for five different types of electronic ear tags in ewes, the 80 and 50 % values reported by Karakuş et al. (2015b) , respectively, for electronic and official plastic ear tags (metal-tipped) in lambs, and the 17.6 and 45.9 % infected ear values also reported by Karakuş et al. (2016) for, respectively, metal-tipped and electronic ear tags in goat kids. In six lambs in the pt-ET group, the ear tags had no negative effect on the welfare of the lambs. Also, none of the lambs with pt-ET developed ear infections. In contrast, 8 out of 60 lambs with e-ET (13.3 %) had infections. The number of infected ears caused by e-ET is higher than that reported by Thomas et al. (2006) and Carne et al. (2009) but lower than that reported by Karakuş et al. (2015b Karakuş et al. ( , 2016 .
Of the ear tags applied to the lambs, only one of the lambs with an electronic ear tag (1.7 %) had bleeding, and the bleeding stopped within a few minutes. Carne et al. (2009) reported three (3.3 %) cases of extreme bleeding in 92 electronic ear tag applications. On the other hand, Kowalski et al. (2014) observed bleeding in one goat only when using large-type plastic ear tags. The tagging site on the animal's ear as well as ear tag type is significantly associated with the retention of ear tags and the severity of ear lesions. Avoiding the main veins in the ear, ear tags should be applied to a site that cannot damage the ear or cause too much ear tag loss (Karakus et al., 2015a) .
The formation of a significant inflammatory reaction in the tissue reduces the resistance of the wound to infection and delays the onset of the healing process (Karasu and Bakır, 2006) . In this study, all of the infected ears were completely healed by 6 weeks after the ear tags were attached. This finding is better in comparison to Carne et al. (2009) , who reported that 90.2 % of the infected ears recovered completely after 2 months, and in comparison to Karakuş et al. (2016) , who reported that all the infected ears recovered in 10 weeks after the ear tag application, based on the severity of the wound. On the other hand, Edwards et al. (2001) reported that all wounds recovered after week 20 following the ear tag application, except for wounds resulting from metal loop tags. The wound healing process is crucially important in order to improve ear tag retention and maintain animal welfare.
An animal's behavior may show the state of pain it is in and the severity of the pain. A variety of behavioral measures were used to quantify the effect of ear tag application on the welfare of lambs (Table 3 ). In mt-ET + e-ET group lambs, behavior observed at the highest rates following ear tag application was head shaking (63.33 %), foot stamping (40.00 %), and vocalization (33.33 %). Jumping (20.00 %), trembling (16.67 %), ear scratching (10.00 %), kneeling (10.00 %), and lateral lying (6.67 %) was observed at lower rates. On the other hand, while behavior observed at the highest rates in pt-ET + e-ET group lambs was head shaking (56.67 %) and foot stamping (33.33 %), lambs exhibited jumping (30.00 %), vocalization (26.67 %), ear scratching (16.67 %), trembling (13.33 %), kneeling (13.33 %), and lateral lying (13.33 %) at a lower rate. Edwards et al. (2001) questioned the use of ear tags in terms of animal welfare and reported that a higher number of lambs exhibited loud bleating and head shaking behavior when the application of the ear tags caused trouble compared to when it caused less of a problem. In contrast to the findings of this study, Grant (2004) observed kicking, tail wagging, jumping, loud bleating, and restless behavior only in lambs with ear tags.
Conclusions
When the study findings are evaluated from an animal welfare viewpoint, it can be said that the plastic-tipped ear tags caused fewer problems and are preferred to the traditional ear tags with metal tips. In addition, infrared thermography can be recommended as a tool to determine this type of stress and consequently allow a better evaluation of animal welfare.
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